Clinical studies of patients treated for slipped capital femoral epiphysis have found limited functional impairment and femoral neck deformity causing eventual coxarthrosis. Since patient-focused assessments minimize bias and reflect health-related quality of life status, we coupled their use to a clinical examination to obtain a more patient-centered picture of slipped capital femoral epiphyseal outcomes. The impact of residual deformity on outcomes also was examined. Of 78 patients treated for slipped capital femoral epiphyses between 1972 and 1998, 29 (38 hips) were evaluated at a mean followup of 7.6 years (range, 1.4-26 years). The average patient age was 21.8 years (range, 14.6-39 years), 55% were female, and the average body mass index was 28.7 (range, 16.1-50.2). Most slips were stable (92%, 35 of 38) and mild or moderate in severity (98%, 36 of 37). Followup examinations revealed slight deficits in range of motion, strength, and limb length. Radiographs showed slight improvements in head-shaft angle and reduced but persistent femoral neck deformity. Osteoarthritic changes were absent or negligible in 84% (32 of 38) of the hips. The average Iowa hip score was 90.5 (range, 51-100). Patient outcome scores for the AAOS Hip/Knee Questionnaire fell slightly below 50th percentile norms. Neither slip stability, severity, nor body mass index impacted outcome. Femoral neck deformity correlated with function, pain, and Boyer grade. Overall, patients had minor functional deficits and pain that may have been related to femoral neck deformity, but longer followup is warranted.
Slipped capital femoral epiphysis (SCFE) is one of the more common causes of long-term hip disability. 6, 12, 17, 18, 20, 49 Risk factors include male gender, 37 obesity, 21, 32, 41 African or Polynesian ancestry, 29 and growth hormone therapy. 15 There also may be a seasonal influence, 8, 28 although this is not a consensus observation. 31 Shear 29 and torsional forces 3 also have been implicated in this injury.
Reportedly, outcomes depend on the severity and stability of the slip and on the ensuing treatment. 9, 10, 16, 26, 47, 50 Left untreated, a displaced SCFE often leads to coxarthrosis later in life. 9 Slip instability at initial presentation has been associated with the development of osteonecrosis. 16, 26, 50 Even with treatment to stabilize the slip, gait abnormalities persist 47 and long-term followup studies of patients with more severe slips suggest a high risk of coxarthrosis. 9, 10 Although important, these clinical outcomes represent only a part of the picture because they do not always adequately assess pain and function.
The reasons for coxarthrosis developing are not completely understood. Rather than merely altered alignment and loading, impingement of the anterolateral femoral neck prominence on the acetabulum and acetabular labrum or metaphyseal inclusion in the joint could play a major role. The characteristic residual femoral neck deformity in adults with a previous SCFE can be seen on radiographs. 36 The deformity is believed caused by three factors: 23, 24, 34, 39, 42, 45 (1) residual varus tilt of the femoral head in relation to the femoral neck; (2) shortening of the femoral neck from impaired growth of the affected physis, which often is accentuated by premature fusion; and (3) a beak of bone on the anterolateral aspect of the femoral neck. This represents the abnormal relationship of the femoral head to the femoral neck formed in response to the pathologic event. This metaphyseal prominence may remodel in younger patients, but is less likely to resolve in skeletally mature patients. [23] [24] [25] 34, 36, 39, 46 Rab postulated substantial metaphyseal prominences in the acetabulum may lead to severe degenerative changes in individuals with previous SCFE. 42 Specifically, we wanted to know (1) if there were residual functional/physical deficits as revealed by a standard clinical examination; (2) how patients rated their pain and functional status using standardized outcomes instruments; (3) whether anatomic alignment was restored with time and the degree of degenerative changes, if present; and (4) whether femoral neck deformity, in the form of a so-called metaphyseal prominence or altered head-shaft angle, influenced outcomes.
MATERIALS AND METHODS
We retrospectively reviewed the records of 78 consecutive patients treated by percutaneous screw fixation for SCFE from August 1972 to December 1998 at Shriners Hospitals for Children, Erie, PA. Resident physicians (ET, JAD) or a research coordinator (SJM) attempted to contact all patients identified by the record review; no treating physician was involved. Of these patients, 29 (37%) consented to a postdischarge followup at our facility. Twenty patients (69%) had unilateral hip involvement and nine (31%) had bilateral involvement. Of the patients with unilateral involvement, most had left hip involvement (75%; 15 of 20 hips). Most slips were stable (92%; 35 of 38 slips). Using cut-off values less than 30°, 30°to 60°, and greater than 60°for differential head-shaft angulation, 38, 46 60% (22 of 37 hips) of the slips were classified as mild, 38% (14 of 37 hips) as moderate, and 3% (one of 37 hips) as severe at the time of intervention. The record of initial slip severity for one patient was unavailable. The cohort included 16 females and 13 males. Their average ages at the time of intervention were 13.9 years (range, 11.1-22.3 years) and 13.8 years (range, 11.5-15.7 years), respectively. The average cohort age at the time of followup was 21.8 years (range, 14.6-39.5 years), corresponding to an average followup of 7.6 years (range, 1.4-26 years). Based on the records of 27 patients, the average body mass index (BMI) was 28.7 (range, 16.1-50.2). Using a BMI of 30 as the cut-off, 14 37% (10 of 27 patients) were obese. In addition to patient age, gender, height, and weight, we abstracted personal medical history and radiographic details about the severity of the slip, anatomic alignment, and quantification of the femoral neck prominence. Enrollment was approved by the institutional review board and complied with federal regulations for human studies and patient confidentiality.
All patients were treated with percutaneous screw fixation based on the descriptions by Morrissy 35 and Lindaman et al. 27 Briefly, the affected leg was positioned in 10°to 15°abduction and slight internal rotation. Using fluoroscopic guidance, a guide wire was advanced through a small stab incision at the level of the central axis of the femoral neck. Penetration was arrested within 0.5 cm of the subchondral bone. After inserting a 7-mm cannulated screw, we removed the guide wire and rotated the leg in the anteroposterior (AP) and lateral planes under continued fluoroscopic observation to confirm screw placement. We then closed the stab wound with subcuticular suture. Postoperative rehabilitation included partial weightbearing for as much as 6 weeks followed by a progressive return to unassisted ambulation. Followups were scheduled every 3 months with discharge occurring between 9 and 12 months postoperatively. Prospective followup consisted of clinical and radiographic evaluations and administration of standardized patient-focused outcome instruments (see below). Physical examinations were performed by three authors (JOS, JD, ET) and included assessments of limp during ambulation, hip range of motion (ROM), lower extremity length, hip muscles strength, signs of impingement, and regions of hip pain (eg, diffuse hip pain, groin pain, or lateral hip pain). We used a standard, long-arm goniometer for ROM measurements. Limb length was based on the distance from the anterior superior iliac spine to the lateral malleolus. Manual muscle strength testing was used for strength assessment. Although a semiquantitative measure, this assessment represents standard clinical practice and intrarater reliability has been high in quadriceps testing. 43 We used the results of the physical examination to compile an examiner-based Iowa hip score. 7, 10, 44 The senior author (JOS) performed an unblinded radiograph evaluation (JOS) that included assessments of anatomic alignment, degenerative change, and the amount of residual femoral neck deformity. The AP and lateral head-shaft angles were measured as described by Southwick. 48 The severity of degenerative joint disease was graded according to Boyer et al. 7 This scoring system assigns a score of 0 to 3 for either no or marked evidence of osteoarthritic change, respectively. Key determinants of the scoring include the presence of subchondral cysts, sclerosing, osteophyte formation, and joint space narrowing. We used AP and lateral radiographs to assess femoral neck prominence inferred from measurement of the largest perpendicular gap between the lateral border of the acetabular rim and the most prominent point of residual deformity. Increased spacing between these landmarks infers less deformity; decreased spacing suggests more.
All patients completed the AAOS Hip and Knee Module, 1 which quantifies global functioning and pain of in the affected and unaffected hips. Young adults (> 18 years) completed the AAOS Hip and Knee Instrument 1 whereas younger patients (11-18 years) were administered the pediatric/adolescent AAOS Hip and Knee Questionnaire (also known as the Pediatric Outcomes Data Collection Instrument or PODCI). 1 These instruments have some divergence in domains in that the former contains components of the Short Form (SF)-36 33 to assess general health. Both assess patient pain and function. Reliability and validity for both instruments have been established. 13, 22 Scoring was calculated according to their component domains, using percentiles for the SF-36 components or so-called individualized normative scores for AAOS domains. The latter represents standardized deviation from the midpoint of the scores obtained from a healthy population of respondents. The raw data and scores then were tabulated along with corresponding values for average healthy indi- Bivariate correlations were examined with scatter plot analysis or Spearman correlation coefficients. Significance was set at the p < 0.05 level. A minimum r value of 0.7 was used to denote good bivariate correlation. 11 Analyses were performed by a nonclinician (TEC). As this study was a retrospective design, a power analysis was not performed a priori.
RESULTS
At last followup, clinical examinations revealed few deficiencies. Overall, pain and tenderness occurred in 8% to 13% of the affected hips with 24% to 26% manifesting impingement or a positive Trendelenburg gait (Table 1) . For ROM assessments, only flexion and extension in internal rotation and abducted flexion were less (p Յ 0.04) than the unaffected hip ( Table 2 ). Differences ranged from 2% to 92%. For patients with unilateral slips, the mean limb length of the affected legs was less (p ‫ס‬ 0.002) than the contralateral side, but this discrepancy was less than 1 cm. With the exception of hip flexion, muscle strength was symmetric (Table 3) . Hip flexion strength was 6% less (p ‫ס‬ 0.014) than in the contralateral hip. The mean Iowa hip score was 90.5 points (range, 51-100 points). Using lower bounds of 90 for excellent, 80 for good, 70 for fair, and less than 70 as poor, 10 72% of patients (21 of 29 patients) had an excellent result, 10% (three of 29 patients) had good results, 7% (two of 29 patients) had fair results, and 10% (three of 29 patients) had poor results. Slip severity, slip stability, and obesity did not affect Iowa scores.
Patient outcome scores were slightly less than norms for healthy, age-matched individuals. Scores for overall core function and pain of treated hips were less than the 50th percentile scores for healthy individuals (Table 4) . For pediatric patients, individual normative scores for pain and functioning were slightly less than the 50th percentile for most domains ( Table 5 ). The mean normative scores ranged from 41 ± 14.5 to 53 ± 0. Comparison scores at the 50th percentile for healthy subjects ranged from 52 to 57 points. Only mobility and sports/physical functioning scores were less than the 25th percentile. This was driven by two patients with mild, stable slips who scored poorly on these domains, generating normative scores of 16 and 44 points. Older children also perceived some minor functional deficits. The mean scores for adolescents were well below the 50th percentile for domains involving physical functioning and bodily pain (Table 6 ). Of these patients, two to five respondents (as much as 26%) had scores that were less than the 50th percentile. Two patients had bilateral involvement and most (four patients) had a stable, moderate slip. Slip stability, slip severity, and obesity did not influence the scores.
Anatomic alignment improved slightly during followup and was accompanied by little or no degenerative change. The mean AP head-shaft angle of affected hips changed from 143°± 13.9°to 140°± 13.3°. For unilateral slips, angulation of the contralateral side changed from 150°± 8.2°to 146°± 9.4°. Overall, angulation was observed to decrease in 58% (22 of 38 hips) and 78% (14 of 18 hips) of affected and unaffected hips, respectively. Side-to-side AP discrepancy was significant, regardless of time (p ‫ס‬ 0.002). Initially, the mean lateral neck-shaft angle was 142°± 19.3° (Fig 2) . For unilateral slips, the mean bilateral difference was 26°± 27.7°. At followup, the mean lateral angulation improved to 152°± 14.1°, but remained significantly less than the contralateral side (165°± 9.1°) (p ‫ס‬ 0.026). Side-to-side lateral differences were significant during followup (p ‫ס‬ 0.026). Overall, the magnitude of temporal-based changes was small and neither hip manifested changes with time. Despite some residual femoral neck deformity, degenerative changes were few at followup. Eighty-four percent (32/38) of hips had no or little arthritic change (Boyer Grades 7 0 and I). However the remainder of hips had more severe changes (Boyer Grades 7 II and III). Of these six hips (five patients), one had a mild, stable slip, three had moderate, stable slips, one had a moderate, unstable slip, and one had a severe, stable slip.
Femoral neck deformity exerted a modest impact on outcomes. Affected hips manifested a slight increase (p ‫ס‬ 0.019) in spacing between the metaphyseal prominence and pelvis, varying from a mean of 5.2 ± 2.7 mm initially to 6.4 ± 4.6 mm at final followup (Fig 3) . Mean distance measurements for the contralateral hip were greater (p ‫ס‬ 0.044) and essentially invariant during followup (7.8 ± 2 mm versus 7.9 ± 5.3 mm). This suggests femoral neck remodeling was either incomplete at the time of followup or failed to restore normal anatomic spacing in the affected hip. The relative amount of deformity, based on the difference between affected and unaffected hips, was correlated to patient outcomes ( Table 7) . The final bilateral discrepancy in metaphyseal spacing almost universally showed a correlation (p Յ 0.049; r Ն 0.341) to examinerand patient-based outcomes and Boyer grade. The strength of these relationships varied, from a modest correlation with Boyer grade to very a strong inverse correlation in the sports domain of the AAOS PODCI instrument. Antero- posterior and lateral head-shaft angulations were correlated (r Ն −0.468; p Յ 0.037) with either the sports domain of the PODCI or Iowa hip scores. There was no correlation between the absolute measure of head-shaft angulation or metaphyseal-acetabular spacing and the degree of arthritic change (Table 7) .
DISCUSSION
Consistent with previous reports, our findings suggest a clinical examination reveals few deficits. Decreases in internal rotation and limb length are hallmarks of a SCFE. 7, 19, 40, 46 However, strength was similar between the affect and unaffected legs. Examiner-based Iowa hip scores suggested most patients had good or excellent outcomes, which are consistent with other studies. 7, 10, 44 Patient-focused outcomes were less than age-based norms. Overall, pain was higher and function less than for a healthy population. This was consistent for adolescent and adult patients. Although this is not surprising, to our knowledge, we found no other studies evaluating functional outcomes in SCFE.
We note several limitations. First, there is the potential for measurement errors common to radiograph-based measurements. Second, our sample is small and limits statistical power, especially for subgroup analysis. We failed to observe a substantial impact of slip severity on clinical outcome, contrary to other reports. 7, 10, 21, 26, 33, 40, 42, 50 However, only 3% of our cohort had a severe slip, nullifying a definitive conclusion. Finally, unblinded studies such as this have the potential for biases in patient presentation, selection, and assessment. However our use of nontreating investigators to recruit patients and analyze the data diminishes selection and assessment biases. Additionally, the demographics of our cohort are similar to those of other studies, 3, 5, 7, 10, 19 arguing against a bias in patient selection.
Our findings suggest improved but persistent femoral neck deformity and relatively few instances of hip degenerative changes at intermediate followup. Some authors have observed marked remodeling 23 with substantial improvement in hip motion. 39 Others have ascribed improved motion to reduced synovitis, pain, and spasm, 46 noting little change in head-shaft angulation. 4, 46 The consensus observation is that deformity persists at maturity. [23] [24] [25] 34, 36, 39, 42, 46 We observed little or no degenerative changes (Boyer Grades 0, I) in 84% of our patients. Other studies with longer followup have had similar findings with rates of no or low-grade changes in 62% to 98% of patients.
2,4,5,7 As Carney et al reported, in situ pinning in SCFE is the best treatment for long-term function and delay of degenerative arthritis. 10 Our data support the finding that good results derive from in situ screw fixation.
Our data support the notion that the amount of residual deformity influences outcomes. As suggested by Nguyen and Morrissy, a slip results from rotation of the proximal femoral epiphysis around the axis of the femoral neck, resulting in an apparent or relative posterior shift of the epiphysis. 38 According to Rab 42 the resultant anterolateral physeal step-off impacts against the acetabular rim during walking and sitting. This step-off undergoes remodeling and becomes a metaphyseal prominence that is included in the hemispheric domain of the acetabulum and rubs against its border. This so-called metaphyseal inclusion may lead to a nonspheric femoral head and an incongruent joint that conceivably could bring about early degenerative changes. As a proxy for establishing the size of the metaphyseal prominence, we used metaphyseal-acetabular spacing. We found relative (side-to-side) differences were important and modestly correlated to degenerative change, Iowa scores, and patient-derived function and pain scores. Differential AP head-shaft angulation also was modestly related to some of these outcomes. Overall, the present case series suggests patients treated for a SCFE generally have a good clinical outcome but report slightly less function and more pain than agematched, healthy individuals. Residual femoral neck deformity, in the form of either metaphyseal prominence or head-shaft alignment, appears to exert a modest role in these outcomes. We failed to observe a substantial impact of either slip severity or obesity on these outcomes.
